Based on the largest compilation of galaxies with redshift in the region of the Shapley Supercluster , P2004), we identified 122 galaxy systems, 60 of which are new systems. Using the SuperCOSMOS catalogue, we have assigned b j magnitudes to each galaxy in our compilation. The sample of galaxy systems was used to estimate the mass function of systems in the range 10 13 to 10 15 M h −1 . We computed a lower value to the total mass in the region of the Shapley Supercluster with this mass function. Using 15 mock catalogues we derived the mean mass that these kinds of systems have before comparing it with that obtained from the real data.
Introduction
The Shapley Supercluster (hereafter SSC) has the highest concentration of clusters and groups of galaxies in the local universe. It is centrally dominated by three Abell clusters (A3556, A3558, and A3562) and contains more than 20 Abell clusters. This supercluster has an extent of ∼20 Mpc, or even larger, and has not yet virialized. Kull & Böhringer (1999) analyzed a region of 6 × 3 degrees and found evidence of X-ray emission connecting the three central clusters of the SSC, indicating that the inter-cluster gas is being warmed up. Therefore, the core of the supercluster is in the procces of virialization.
A mass estimate of the SSC is particularly interesting due to its proximity to the local group. Moreover, it can be used to constrain theoretical models that should be able to predict this type of mass concentrations. Nevertheless, the fact that superclusters are not virialized systems seriously limitats the possible methods that can be used to estimate the mass. Bardelli et al. (2000) used galaxy counts to suggest that the SSC has a significantly higher mean density than the cosmic average. Reisenegger et al. (2000) (R2000 hereafter) applied the spherical collapse model and found that the mass enclosed by a radius of 8 h −1 Mpc is in the range 2.0 × 10 15 to 1.3 × 10 16 M h −1 , Tables 1 and 2 are only available in electronic form at http://www.edpsciences.org representing an overdensity range ρ/ρ c ∼ 3−20. In this work we explore an alternative way to estimate a lower limit to the total mass of the SSC. In a high mass concentration like the SSC, a significant fraction of galaxies are supposed to belong to groups or clusters of galaxies and, therefore, the mass function of these systems can be used to provide a lower limit to the total mass of the supercluster. In order to select a sample of galaxy systems that is as complete as possible, we used the resent catalogue by Proust et al. (2004 . These authors compiled the largest velocity catalogue in the region of the SSC. It contains radial velocities for 8341 galaxies and represents a powerful tool for identifying and studying the galaxy systems in the SSC.
Large redshift surveys like 2dFGRS (2 degree Field Galaxy Redshift Survey) and SDSS (Sloan Digital Sky Survey) have stimulated the identification of galaxy groups based on the friends-of-friends algorithm (FOFA). The original algorithm introduced by Huchra & Geller (1982) was modified by Merchán & Zandivarez (2002) to take the sky coverage of 2dFGRS into account. Using mock catalogues, this technique has been extensively tested and has demonstrated its robustness in identifying galaxy groups in redshift space (see for instance Nolthenius & White 1987) .
The aim of this work was to identify and study galaxy systems in a 12 × 15 degrees region of the SSC, based on the redshift compilation of P2004. The resulting catalogue was used to estimate a lower boundary to the total mass of the SSC. The outline of this paper is as follows. A description of the SSC is given in Sect. 2. Details of the simulation and the mock catalogue construction are described in Sect. 3. A brief description of the identification process for both observational data and mock catalogues is presented in Sect. 4. In Sect. 5 we analyse and estimate the mass enclosed by the SSC, and finally in Sect. 6 we discuss our main conclusions.
Observational data
The compilation of P2004 contains 8341 galaxies with redshifts taken from Quintana et al. (1995 Quintana et al. ( , 1997 Quintana et al. ( , 2000 , Proust et al. (2004) , Drinkwater et al. (1999 Drinkwater et al. ( , 2004 , Watson et al. (2000) , Bardelli et al. (1998 Bardelli et al. ( , 2000 Bardelli et al. ( , 2001 , Kaldare et al. (2003) , and data from the NED NASA/IPAC database. The P2004 catalogue covers a region of 12 × 30 degrees on the sky, where half of the galaxies are members of the SSC, with velocities within 9000 and 18 000 km s −1 s −1 . The main region is centered at v = 14 500 km s −1 .
After taking the numerous sources involved in the P2004 compilation into account, a non-uniform redshift completeness is expected. The P2004 compilation overlaps the SuperCOSMOS Sky Survey (hereafter SSS) completely. Therefore, in order to test the redshift incompleteness we have assigned the corresponding magnitude in the SSS survey to each galaxy in the P2004 catalogue. Since none of the sources of the P2004 compilation includes faint galaxies, the cross correlation with the SSS was performed selecting galaxies brighter than b j = 19. Using a matching radius of 10 arcsec, we found a positive cross-correlation between P2004 and SSS for more than 96% of the galaxies. Of these objects, 14% correspond to multiple identifications. After visually inspecting several images of multiple identifications we introduce several criteria based on the matching radius and the magnitudes in order to correctly assign the SSS galaxy. We estimated that more than 95% of the Shapley galaxies have been correctly identified in the SSS.
With the aim of performing a completeness mask, we used the HEALPix tool to produce an equal-area pixelisation of the sky. For each pixel of 2.6 × 10 −4 strd, we counted galaxies up to a designed apparent magnitude limit, defining the completeness in a pixel as the ratio of the number of galaxies in the SSC to the number of galaxies in the SSS survey. The resulting mean completeness for an apparent magnitude limit of 17.5 is ∼0.5. The fraction of galaxies with measured redshift significantly decreases for fainter magnitudes. It should be noted that the completeness is not uniform, so it shows a tendency to be higher in the high density regions of the SSS.
Mock catalogues
In this study we used one of the publicly available Very Large Simulations (VLS) (Yoshida et al. 2001 Due to the large box size, it was possible to find a large number of rich systems, so we chose those that represent high density regions. R2000, using estimates of the SSC mass enclosed by 8 Mpc h −1 , find a density range ρ/ρ c ∼ 3−20. The lower limit of this range corresponds to the Diaferio and Geller method (1997) , whilst the upper one is obtained using the spherical collapse model (for more details see R2000).
Following these authors, we searched in the simulation for overdense regions in spheres of a radius of 8 Mpc h −1 and selected 14 of them with overdensities in the mentioned range. We refer positions to a coordinate system situated 145 Mpc h −1 away from the sphere center in order to mimic the real position of the SSC, and we selected a cone-shaped volume which subtended 20 Mpc h −1 of radius at the distance of the sphere center. Within this volume, overdensities ranged from ρ/ρ c ∼ 0.5 to 1.1. Finally, we assigned particles within this volume a luminosity function that can be described by a Schechter fit with parameters α = −1.19 and M * b = −19.79 (Madgwick et al. 2002) . The adopted k + e correction was taken from (Norberg et al. 2001) and is given by the equation
A set of 15 mock catalogues was constructed from this data. Galaxies were selected within the described volume by applying the apparent magnitude limit of the SSC survey. The redshift incompleteness of the SSC was not reproduced in the mock catalogues due to the non-uniformity of the sample (i.e. high density regions show a higher completeness on average). In the following analysis, we select galaxies brighter than m b = 17.5 in both mocks and real data. The mean redshift completeness for the SSC subsample is ∼0.5.
Identification of galaxy groups
The completeness mask described in Sect. 2 allows us to identify galaxy groups in the SSC following the procedure described in Merchán & Zandivarez (2002) . According to these authors, the identification can be performed using a similar algorithm similar to the one developed by Huchra & Geller (1982) but modified in order to take the incompleteness of the galaxy sample into account by introducing a correction in the linking lengths' scale factor. The algorithm links pairs of galaxies according to the following conditions:
where θ 12 and V are the angular separation and the mean radial velocity, respectively; D 0 and V 0 are the transversal and radial linking cut-off at the fiducial velocity V f . Scale factor R is introduced to compensate for the decline in the selection function with distance. In this case the scaling factor is computed as
where M lim and M 12 are the absolute magnitude of the brightest galaxy visible at distances V f /H 0 and V/H 0 , respectively. The (C 1 + C 2 )/2 factor in the previous equation corresponds to the correction introduced to the original Huchra & Geller (1982) algorithm to take the incompleteness of the sample into account, C 1 and C 2 are the completeness values in the direction of each galaxy. Finally D 0 and V 0 are the corresponding linking lengths at the fiducial velocity V f and φ(M) is the luminosity function of the sample. In this particular case, given the irregularity of the sky coverage, the remarkably rich concentration of galaxies and the large mass system range in the SSC, we need to take special care override misidentifications and spurious merging. In order to optimize the identification of systems, we took into account the X-ray flux contour plot of the Shapley Supercluster core by Kull & Böhringer (1999) . We performed a series of system identifications in this same region using different linking length values V 0 and D 0 , where D 0 is related to the number density contour surrounding a group relative to the mean number density (δρ/ρ).
We found that standard values of δρ/ρ (∼80) caused the two central groups (SC1329-313 and SC1327-312) in the Kull & Böhringer (1999) plot to merge into a single system. In order to find a fair number of groups and to ensure that most of them are single dynamical systems, we selected the lowest overdensity that does not merge those X-ray systems that appear as single systems. Despite this, this choice yields a high value of δρ/ρ ∼ 400, which ensures small groups will be identified in a correctly. Figure 1 shows the best correlation between the identified systems and the X-ray contours of Kull & Böhringer (1999) . Identification of these systems corresponds to a transversal and a line-of-sight linking lengths of D 0 = 0.14 Mpc h −1 and V 0 = 200 km s −1 , respectively. As a result of the identification process we found 122 systems of galaxies containing at least 4 members. The number of systems drops to 73 when considering groups within the 9000 < vr < 18 000 range. The spatial distribution of these groups is illustrated in Fig. 2 , whereas Fig. 3 shows the distribution normalized to the total number of groups of their main properties: radial velocity, velocity dispersion, virial radius, and virial mass. In the same figure we plot (dotted line) the distributions corresponding to groups identified in the mock catalogues, again normalized to the total number of groups in the mocks. We can see a lack of low-mass systems in the SSC distributions, which is likely to be produced by the bias in the completeness of the sample. In Fig. 4 , groups (dots) are overlapped with the completeness mask, Where we can appreciate a tendency of groups to correlate with the regions of higher completeness. This effect is the result of at least two processes: i) the FOFA algorithm tends to be more efficient in the regions of higher completeness and; ii) the compilation of P2004 has higher completeness in high density regions, where most of the galaxy systems are present.
The following are median values of the properties listed before for both mock and real samples, median dynamical properties of SSC groups are higher given the lack of small systems mentioned above: M vir−mock = 1.4×10 13 M h −1 . Table 1 shows the different properties of the galaxy systems identified in the SSC sample. As noted before, if we restrict the sample to the Shapley Supercluster region (9000 < v r < 18 000), the resulting number of systems is 73. We performed a cross correlation between our catalogue and the NED NASA/IPAC database, using a search radius of 20 arcsec and a ∆v r ≤ 2000 km s −1 . The last restriction was only applied to those systems in the NED with known redshift. We found that 60 of the 122 are new galaxy systems. Of the 62 already known systems, 37 were identified as clusters, althoug, many of them were also identified as group. (34 are Abell clusters). The remaining 25 were only identified as groups. Table 2 shows the name of the systems (Col. 2), the type of system, the mean radial velocity, and the difference in the central position (Cols. 3−5, respectively).
Mass statistics
In this section we compute the mass function of groups in the SSC and use it to estimate a lower limit to the total mass of this system. We used the mock catalogues and the simulation described in Sect. 3 in order to compute the real mass enclosed in a volume like the SSC one and to compare with the inferred mass. The group mass function was derived using the 1/Vmax method, which has the advantage of being a non-parametric procedure, i.e. it does not assume a shape of the mass function. Moreover, it not only gives shape but also normalization at the same time. The differential mass function can be computed using the equation
where M i and M i are the group mass and absolute magnitude respectively, and
is the maximum comoving volume, within the catalogue velocity cut-off, out to which the group i with magnitude M i remains observed. Both z 1 and z 2 are the geometric limits of the sample, and z min and z max are found by solving the equations
hence, z min and z max are the redshift of groups whose absolute magnitudes are identical to the one of the object being considered, but its apparent magnitudes are the bright (m 1 ) and faint (m 2 ) limits of the survey. Before using the 1/V max method, there are three intermediate issues to resolve: namely, to calculate groups "apparent magnitudes", which can be inferred from groups luminosities, to find out the corresponding completeness limit of the sample, and to determine the geometric limits where the mass function is to be calculated. Regarding the former, we calculated the total luminosity L tot for each group using the prescription outlined in Moore et al. (1993) , as the sum of the luminosities of its galaxy members (L obs ) plus the integrated luminosity of galaxies below the magnitude limit of the sample (L cor ):
L corr is calculated assuming that group members are independently drawn from a Schechter fit to the luminosity function of galaxies in groups. Hence, for faint group members which can not be observed
where
, and M is the absolute magnitude of the sun in the corresponding band. Once the total luminosity of a group is obtained, we were able to compute its absolute magnitude, and finally, the group "apparent magnitude" using the distance modulus. As it relates to the "apparent magnitude" limit of the group sample, we used the completeness test developed by Rauzy (2001) , which can be applied to any redshift-space distribution and used for any selection function. It is assumed that the luminosity function of the population depends neither on time nor on the spatial position of the objects; peculiar velocities of the observed redshifts are negligible, and the sample is complete in apparent magnitude up to a given magnitude limit m lim .
The principle of the method consists of defining the random variable 
Fig. 3. Histograms showing the distributions of groups redshifts (upper left panel), velocity dispersions (upper right panel), virial radii (lower left panel), and virial masses (lower right panel).
Only groups with at least 4 members and within the velocity range 9000 < V r < 18 000 were included. In all cases solid and dashed lines correspond to SSC and mock groups, respectively.
where F(M) stands for the cumulative luminosity function, and M lim (Z) = m lim − Z, where Z is the distance modulus. The 
has an expectation of zero and variance unity. The test requires the computation of T C for subsamples that are truncated up to increasing values of the limiting apparent magnitude m * . The T C statistic is expected to be distributed around zero with dispersion of unity, as long as m * remains below the completeness limit m lim . If m * becomes greater than m lim , there will be a lack of objects with M fainter than M lim , resulting in a systematic decline of T C towards negative values. Figure 5 shows the result of aplying the T C statistics to the SSC (solid line) and mock groups (dashed line). A systematic decline of the T C statistics can be observed beyond m = 14.3 for SSC (vertical solid line). For groups in the M1 sample, the apparent magnitude cut-off is m = 14.5 (vertical dashed line). Horizontal lines are the 1σ limits of the T C variance.
Finally, regarding the geometric limits of our fluxlimited sample, we adopted the velocity range defined by (2001). Solid and dotted lines correspond to SSC and mock groups, respectively. The vertical solid line denotes the adopted apparent magnitude limit for SSC, whereas the dotted vertical line is associated to mock groups. Horizontal lines are the 1σ limits of the T C variance. Quintana et al. (2000) , who consider as SSC members all galaxies in the redshift range 9000 < v < 18 000. Considering both, these redshift limits and the "apparent magnitude" cutoff, we computed the SSC mass function with 55 galaxy groups containing at least 4 members.
Results are shown in Fig. 6 , where the SSC group mass function (solid line) is compared to the one obtained from the mock groups (dotted line, 2729 groups selected from a complete flux-limited sample of galaxies). We found that the obtained mass functions have different trends up to M ∼ 1 × 10 14 M h −1 , while they are quite similar in the high mass region. The lack of groups in the low mass region of the SSC mass function was expected considering that the completeness is higher close to massive clusters and lower in the underdense areas of the SSC. Consequently, low mass groups are likely to be lost by the group finding process. Analysis of Fig. 6 leads us to conclude that the completeness mask is the primary responsible for the differences between the SSC and mock mass functions. Following this idea, and assuming that our mock catalogues correctly represent the SSC and then integrating the mock mass function in the considered volume, all should provide an estimate of the mass that is typical of systems like the SSC. The same procedure applied to the SSC group mass function yields a minimum mass, since as noted some of the SSC low mass groups are possibly missed given they have been poorly sampled. After performing these computations we obtained a mass of ∼1.1 × 10 16 M h −1 from the mock mass function, whereas the mass drops to a value of 4.8×10
for the SSC; both of these masses consider systems with at least 1 × 10 13 M h −1 .
Using the high density regions selected in the simulations, we find that ∼60% of the particles in a 8 Mpc h −1 sphere are within groups of at least 1 × 10 13 M h −1 , whereas this value drops to ∼30% when considering the cone volume.
We can give a rough estimation of the total mass enclosed in the cone-volume we are using by considering the fraction of mass that, according to the simulation, we are missing. The final values that we find for our mock catalogues and the SSC are 3.7 × 10 16 and 1.6 × 10 16 , respectively. R2000, using a spherical collapse model, state that the SSC mass enclosed by a radius of 8 Mpc h −1 lies between 2 × 10 15 and 1.3 × 10 16 M h −1 . Disregarding this for groups peculiar motions, we can roghly compute the mass within a sphere of radius 8 Mpc h −1 , centered as in R2000, by summing up the group virial masses. In so doing we obtain 2.3 × 10 15 M h −1 , If we take into account the 40% of the mass that is not in galaxy systems, our derived value is 3.8 × 10 15 for the SSC in a 8 Mpc h −1 sphere, a result in fair agreement with R2000.
Conclusions
Based on the compilation of redshift made by Proust et al. (2004) , and assigning magnitudes from the SuperCOSMOS catalogue, we have identified galaxy systems in an area of 12 × 15 degrees. The transversal and line-of-sight linking lengths used to identified systems were D 0 = 0.14 Mpc h −1
and V 0 = 200 km s −1 , respectively. We identified 122 systems of galaxies with at least 4 members, and 73 of these are in the Shapley redshift range (9000 < v r < 18 000). 62 of the 122 are new systems. Of the remaining, 37 were previously identified as clusters (34 are Abell clusters). The velocity dispersion for the whole sample of galaxy systems spans a range from ∼60 to 950 km s −1 with a median value of 344.6 km s −1 . The median virial radius and the median virial mass are 0.78 Mpc h −1 and 4.6 × 10 13 M h −1 , respectively. With the non-parametric 1/V max method, we computed the mass function of galaxy systems in the SSC region, and we found evidences of a possible bias in the number of low mass systems. This effect could be a consequence of the correlation between the redshift completeness and the galaxy density, present in the Proust et al. (2004) compilation. By integrating the derived mass function in the range 10 13 to 10 15 M h −1 , we found that the total mass of the SSC is on the order of 4.8 × 10
15 M h −1 . Taking the possible bias in the identification of low mass systems into account and also that we are missing the mass outside galaxy systems, the last value should be taken as a lower boundary. Using the mock catalogues free of the redshift incompleteness, we found a mass of ∼1.1 × 10
in the same mass range as before. We estimated the fraction of galaxies/mass that, according to the numerical simulation, is outside galaxy systems. With this fraction to correct the SSC mass, we found a total mass of ∼1.6 × 10 16 M h −1 . In order to compare with the mass computed in R2000 using a spherical collapse model, we disregarded group peculiar motions and summed up the group virial masses. After correcting for the mass outside systems, we obtained 3.8 × 10
15 M h
for the SSC in the central 8 Mpc h −1 sphere, in agreement with their work. 
